London VIROLOGY is one of those subjects, formerly the prerogative of the biologist, in which a great increase in knowledge has been obtained in recent years by the introduction of new techniques by workers in other disciplines such as biochemistry and biophysics. Some of these recent advances have been discussed in this Section from time to time, but the subject of immunity in virus diseases of man has not been discussed in this Section since Professor S. P. (now Sir Samuel) Bedson's Presidential Address in 1937 on "Some Reflections on Virus Immunity" and a brief discussion on "Immunity to Viruses" by Ledingham, Doyle, Andrewes and McClean in 1943 . It therefore seemed a suitable time to consider this subject again, including some results of current studies.
At times the suggestion has been made that the mechanism of immunity in virus diseases is quite a different process from that occurring in bacterial diseases; at other times new facts brought to light suggested to others that the mechanisms are inherently the same.
Bedson in 1937 rightly stressed the point that one should not generalize for, just as there are considerable differences between bacteria such as pneumococci, tubercle bacilli and cholera vibrios, one can expect differences between viruses. He then discussed the three commonest theories of the basis of virus immunity which had been put forward in the previous fifteen to twenty years, and finally stated his own views. The current theories at that time were:
(1) Active immunity to a virus could not be engendered apart from actual infection.
(2) Immunity to a virus was in part, or in whole, a tissue immunity.
(3) Protective antibody had nothing really to do with the virus but was produced in response to an antigen elaborated by the tissues of the host, FEBRUARY and performed its protective role by uniting with the susceptible cells.
These items continue to be a centre of argument but it is now generally agreed that antibody combines with virus to neutralize it. Bedson and a number of other workers who have discussed this subject more recently have also suggested three mechanisms which are described in somewhat different terms.
These three types of virus immunity are:
(1) Persistence of virus without neutralizing antibody for virus.
(2) Persistence of antibody without virus.
(3) Persistence of virus and persistence of antibody.
Humoral immunity has received the strongest support as being the predominant mechanism in most virus infections. Antibodies are something relatively tangible which one can measure by various tests in vitro and in vivo but the presence of tissue immunity by itself is much more difficult to assess.
The introduction of the use of the fertile hen's egg and, more particularly, since 1949 the use of tissue cultures has resulted in even more intensive investigation of the mechanism of the inactivation of virus by neutralizing antibody in the blood. However, in spite of the many advantages which the technique of tissue culture has in comparison with experiments in animal hosts, the cultures are not an exact model of the natural conditions, and the condition of primary hypoor agammaglobulinaemia in man which offers suitable subjects for investigating this problem, has been recognized at an opportune time (Bruton, 1952; Jean, 1953; Good, 1954) . The term agammaglobulinemia has priority over hypogammaglobulinaemia where they are considered synonymous but, as nearly all these patients have some Sectional page 1
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gamma globulin circulating, the term hypogammaglobuliniemia will be used here. No reference to a similar condition in animals has been found. Most of my Address will be concerned' with remarks on this subject, and will conclude with a few remarks on immunological reactions following infection with vaccinia virus.
The first report of a case of primary hypo--' gammaglobulinemia in a child was that of an 8-year-old boy by Bruton in the United States of America in 1952. Since then a'small number of child patients of both sexes have been found, with barely detectable levels of gamma globulin and otherwise normal serum proteins, who are subject to recurring bacterial infections. The disease appears to be congenital and is possibly due to persistence of the early foetal state, for some reason as yet undetermined. All the cases in children in the United States have been males, including brothers and uncle-nephew relationships, and Janeway, et al (1953) would like to class it as a sex-linked mendelian recessive characteristic. However, in addition to cases in young males, the condition has also been reported in female children in France (Delaitre and Fonty, 1955) and England (Pearce and Perinpanayagam, 1957 ) and a number of other such cases are at present being studied in Great Britain. Studies are also now in progress to determine whether any fundamental difference exists between the cases of male and female children.
In addition cases in adults have also been found (Young and Wolfson, 1954) . The adult cases may be idiopathic or associated with disease of the reticulo-endothelial system.
An excellent review of the subject was made by Good and Varco in 1955, and no discussion of the general subject will be given here. We are only concerned with two of the main characteristics, which are a failure to produce antibody after infection with viruses, or after injection of virus vaccines. However, in contrast to the serious results reported when bacterial infections occur, virus infections do not appear to be any more frequent or severe than in normal people with apparently normal antibody production. This is seen most strikingly in the case of smallpox vaccination which appears to run a normal course although, as will be mentioned subsequently, vaccinia infection can result in serious disease.
After several cases of hypogammaglobulinemia had been reported in this country (Grant and Wallace, 1954; Hutchinson, 1955) a Medical Research Council Committee was formed in 1955 to help to co-ordinate the study and treatment of cases found in Great Britain. Serum collected at different times from most of these patients has been examined for the presence of various bacterial and virus antibodies at the Central Public Health Laboratory, Colindale. Only a few results of interest will be quoted here in general terms, as the work is incomplete and will be published later as part of a full report.
[A number of tables were shown, demonstrating particularly the antibody levels to the three types of poliomyelitis virus before and during treatment.] The group studied includes male and female children and adults. The size of the groups is too small to permit generalization, but the following points may be made:
(1) All those who have been vaccinated against smallpox prior to being diagnosed as hypogammaglobulinemia cases have had a normal reaction with normal healing.
(2) All but one of the young males has been antibody-free before commencing treatment. One boy had low titre antibody to one type of poliomyelitis virus. All the young females have been devoid of antibody.
One young female described by Pearce and Perinpanayagam developed paralytic poliomyelitis from a type 1 virus infection, but has made a fairly good recovery. She had received 14 weekly doses of 750 mg. gamma globulin at the time of onset of her illness and this dose was continued throughout her illness. Her neutralizing titre at the presumed time of infection was probably 1/8-1/16 against 100 TCD50 in monkey kidney cultures in roller tubes. (This titre can only be approximate as no serum was collected at the onset of her illness, nor until some weeks later when she was on the same dose of gamma globulin.)
(3) Children in families where the parents and siblings have antibodies to herpes simplex have had few, if any, obvious attacks of clinical herpes simplex. This is also true of adults. One adult female with hypogammaglobulinemia had poliomyelitis and herpes simplex neutralizing antibody.
(4) In general, those injected with influenza or poliomyelitis vaccine have failed to produce antibody. One adult female who made a spontaneous recovery developed antibodies during the course of an attack of influenza A Asian type, and about eight months later had a good antibody response to one dose of influenza vaccine, and also responded to two doses of poliomyelitis virus vaccine. (5) The antibody titres to the three types of poliomyelitis virus in the patients' sera were not regularly directly proportional to the titre of these antibodies in the gamma globulin used for weekly injections. For example, if the gamma globulin titres for types 1 and 2 were 1/500 in each, the patient's titre might be 1/4 for type 1 and 1/64 for type 2, These various points are now being investigated in more detail. It is possible that several different patterns will be found in different sexes and ages.
Vaccinia
Other information bearing on the general subject of the immunological response in virus infections is available from the results of investigations of cases of vaccinia and their treatment with gamma globulin, particularly by Kempe et al. (1956) and also from the results of studies of the ordinary vaccination reaction when vaccination is carried out up to two days after injection of vaccinia-immune gamma globulin, by Gispen et al. (1956) .
Summary of the Possible Types of Immune

Response to Vaccinia Virus
(1) Normal "take" and normal level of gamma globulin in serum with development of neutralizing antibody.
(2) Normal "take" but hypogammaglobulinaemia present and no detectable neutralizing antibody develops.
(3) Normal "take" in the presence of passively administered antibody.
(4) Abnormal "take" followed by: (a) Generalized vaccinia with normal skin with slow development of antibody and recovery.
(b) Generalized vaccinia with eczema. May have normal gamma globulin, development of antibody, recovery or death. May have normal gamma globulin but no neutralizing antibody development, and when given gamma globulin may recover or die.
(c) Serum from one fatal case of vaccinia gangrenosa was said not to contain gamma globulin but neutralized virus on choriocallantoic membrane of developing chick embryo. Summary It has been customary to suggest that protection against infection, or at least protection against disease after infection with poliomyelitis and pox viruses and possibly herpes simplex, is largely due to the development and action of neutralizing antibody which is found in the gamma globulin fraction of serum. It is possible that minute amounts of antibody which cannot be detected by the relatively crude tests now available, but normally adequate for protection, are present in some of the types of cases listed above.
However, the information available on a comparatively small number of patients in U.S.A. and Great Britain indicates that there are individuals ,in whom deficiencies of gamma globulin and virus-neutralizing antibody may be relatively unimportant, and further thought should be given to the problem of other defence mechanisms that may be brought into play.
